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(54) Method and apparatus for ultrasonic imaging particularly of moving bodies, as surgical
utensils, tissues, flows or the like

(57) A method for ultrasonic imaging, particularly of
moving bodies, such as surgical utensils, tissues, flows,
or the like, which includes the following steps: - Period-
ically emitting ultrasonic pulses along a predetermined
view line and with a predetermined repetition rate
through one or more transducers;-Receiving the echoes
produced by the body and/or the tissues or flows and
transforming them into echo signals; - Processing the
echo signals for extracting information therefrom and for
generating an image, based on such information. Ac-
cording the invention, the following steps are addition-
ally provided: - determining a real time vector difference
between the echo signals of two pulses successively
emitted at predetermined time intervals; - using said dif-
ference signal as an information signal for ultrasonic im-
aging.
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Description

[0001] The invention pertains to a method for ultra-
sonic imaging, particularly of moving bodies, such as tis-
sues, flows, or the like, which includes the following
steps:

- Periodically emitting ultrasonic pulses along a pre-
determined view line and with a predetermined rep-
etition rate through one or more transducers;

- Receiving the echoes produced by the body and/or
the tissues or flows and transforming them into echo
signals;

- Processing the echo signals for extracting informa-
tion therefrom and for generating an image based
on such information.

[0002] Particulalrly the invention relates to an appa-
ratus for implementing and using the method and to an
apparatus for detecting intraoperative surgical instru-
ments and calcifications or similar biological structures
[0003] The ultrasonic imaging technique consists in
generating an ultrasonic pulse beam, having frequen-
cies in the RF range, from a set of aligned emitting trans-
ducers to illuminate or soundproof a definite section of
a body or of a body part to be examined. As the individ-
ual pulses propagate in the body according to a prede-
termined penetration depth, as determined by their na-
ture and by the nature of the body being examined, they
are reflected by the structures forming the body and
generate reflected echoes, which are detected by de-
tectors and transformed into echo signals. The different
structures or types of tissues encountered by the illumi-
nating pulses while the latter propagate in the body
along a propagation axis or view line produce changes
in the emitted carrier, in the form of amplitude modula-
tions or phase variations. These changes are the infor-
mation to be extracted by the echo signals to obtain the
ultrasonic image.
[0004] In the simplest form of ultrasonic image, the
so-called B-mode image, a black and white image is
generated, in which the different tones of gray, black and
white are related to the intensity or the amplitude of the
received echo signal. Processing requires synchroniza-
tion, on a predetermined time base, of the emitted puls-
es and of the received echo signals to accurately recon-
struct the zones wherefrom the echoes arrive along the
propagation line, in accordance with the propagation of
the illuminating pulse and further to allow correlation of
the echo signals to their respective illuminating pulse-
emitting transducers.
[0005] Therefore, the information contained in the
echo signals may be interpreted either with respect to
amplitude modulations of the illuminating pulse, as in
the so-called B-Mode, or with respect to phase varia-
tions, such as in the so-called Doppler, Power Doppler,
Color Doppler, or the like.
[0006] From surgical point of view there is a need to

control position and displacement of intraoperative
utensils in the human or animal body by means of a non
invasive technique which is capable of giving an intelli-
gible image of the region where the intraoperative uten-
sil is placed.
[0007] From the diagnostic point of view, there is the
need of noninvasively imaging particular tissue types,
such as for example calcifications or similar biological
structures in the human and animal body. This kind of
tissues are not simple to be scanned with ultrasound
techniques.
[0008] From the diagnostic point of view there is also
a very high interest in the ultrasonic imaging of flows in
the human bodies, particularly of blood flows. The prob-
lem consists in that most of the physiological liquids,
such as blood, urine, bile, cyst contents, etc. are ane-
chogenic, i.e. transparent, or only partially reflect ultra-
sounds.
[0009] Thus, ultrasonic imaging with the conventional
B-Mode method is not feasible and produces poor, un-
usable results. Therefore, several techniques have
been implemented to detect flows, particularly blood
flows, with ultrasound apparati, the so-called Doppler,
Power Doppler, Color Doppler techniques, or the so-
called Harmonic Imaging technique, in which the echo
signal is examined with respect to its harmonics. These
prior art techniques require both processing in the fre-
quency or phase domain, which add a considerable
processing burden, and the use of the so-called contrast
agents, consisting of microbubbles, which, when inject-
ed in spontaneous flows, have a hyperechogenic be-
havior.
[0010] Actual techniques for imaging of physiological
flows are not optimized for imaging of surgical apparatus
or for biological structures such as calcifications. Indeed
imaging apparatus and techniques normally are ar-
ranged and chosen in such a way as to avoid the con-
tributes of the scattered ultrasonic beams due to the
presence in the region being scanned of surgical intra-
operative utensils or biological structures such as calci-
fications.
[0011] The present invention has the object to provide
a method for ultrasonic imaging, particularly of moving
bodies, such as intraoperative utensils, tissues, flows or
the like, which allows fast real time and simple imaging
of the said utensils and or tissues and also real time im-
aging of body flows even without using contrast agents,
without excluding the combined use thereof, and at the
same time is highly sensitive to movement, thereby al-
lowing to considerably simplify processing of echo sig-
nals for extracting and displaying information.
[0012] The invention achieves the above purposes by
providing a method for ultrasonic imaging, particularly
of moving bodies, such as surgical inytraoperative uten-
sils, tissues, flows, or the like, which includes the follow-
ing steps:

- determining a real time vector difference between
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the echo signals of two pulses successively emitted
at predetermined time intervals;

- using said difference signal as an information signal
for ultrasonic imaging.

[0013] Therefore, a direct and vector difference be-
tween the received RF echo signals is determined,
which involves suppression of the contributions or por-
tions of the echo signals produced by the stationary
parts of the body, tissues or the like, whereas the por-
tions of the echo signals produced by moving bodies,
such as intraoperative surgical utensils, calcifications or
the like and/or tissues or elements, such as red blood
cells, etc. give non-zero contributions due to displace-
ment of said moving bodies or parts.
[0014] Processing of the difference signal for imaging
is performed as in conventional ultrasonic imaging tech-
niques.
[0015] The method of the invention allows ultrasonic
imaging of moving bodies, particularly of spontaneous
body flows, i.e. of blood flows or the like, without using
radiopaque agents.
[0016] The method of the invention is highly sensitive
to movement, therefore it can generate images of very
slow or low flow rate flows or of parts which perform mi-
cromovements.
[0017] The resulting images have a high definition
and a considerable level of contrast and, in combination
with high sensitivity to movement and micromovement
of bodies in the operating range of the probe, they allow
to display and monitor movements of invasive surgical
instruments, such as microinstruments, intraoperative
probes, needles, etc. better than the other prior art ul-
trasonic methods.
[0018] Thanks to the high sensitivity of the method,
ultrasonic images may be also obtained from biological
structures which are highly echogenic, but perform little
or very slow movements, i.e. perform even slow micro-
movements, such as calcifications or breast cancer for-
mations.
[0019] In order to adapt the imaging technique ac-
cording to the invention to the different kind of analysis
needed, the difference RF signal is further treated by
non linear filtration of the signal components which are
not of interest for the specific analysis and may hinder
correct evaluation of the interesting part of the echo sig-
nals.
[0020] Indeed high echogenic tissues or materials
may contribute very significatively to the echo signals
and with such an high response that the contribution to
the signal due to the tissue of interest is reduced to a
very insignificant part of the signal.
[0021] Due to the said sensitivity of the method ac-
cording to the invention to micromovements, high eco-
genic materials, such as in the case of surgical utensils
or calcifications may generate some sort of intensity
flashes that let the contribution of less ecogenic tissues
practically disappear This may be a problem when the

flow to be detected, e.g. blood flow, is particularly ane-
chogenic, and is surrounded by hyperechogenic, i.e. hy-
perreflecting or hyperdense tissues, with respect to ul-
trasonic pulses. In this case, the micromovements be-
tween the probe and said hyperechogenic tissues (e.g.
walls of blood vessels or tissues of organs), give a non-
zero difference signal, whose intensity is much higher
than the contribution, for instance, of the blood flow or
other flows or moving bodies, which are less echogenic
or even classifiable as anechogenic, whereby the signal
generated by the flow has a limited level with respect to
the signal produced by echogenic or hyperechogenic
tissues. In this case, the method may fail to image said
flows.
[0022] From one point of view the method according
to the invention allows to rapidly scan and image intra-
operative surgical utensils and biological structures
such as calcifications or breast cancer by executing a
non linear filtering of the received difference echoes sig-
nals which filtering cut away the signal below a certain
intensity level, thus using for reconstructing the image
merely the high intensity difference signals. This is ex-
actly the contrary which is done in the actual known
techniques, since in these actual techniques this high
signal components are filtered away or reduced in in-
tensity.
[0023] On the other hand in order to image physiolog-
ical flows the same non linear filtering process is used
to neutralize signal flashes generated by relative micro-
movements between the prove and the echogenic or hy-
perechogenic tissues which surround the flows whereof
ultrasonic imaging is desired and/or by intraoperative
utensils or by the said biological structures as calcifica-
tions. In this case the part of the difference signal used
for generating the image is the part below the above
mentioned intensity threshold. In this case there are cut
away the difference signal parts above the said intensity
threshold.
[0024] Particularly for both cases, the above non lin-
ear filtering is based on the fact that, in the so-called B-
Mode echo signal processing (generally known to the
skilled in the art and used substantially in all ultrasound
machines) the flows generally composed of anechogen-
ic components give much lower signal powers or inten-
sities than echogenic and hyperechogenic tissues.
[0025] Therefore, a maximum intensity threshold may
be defined, above which the components of the differ-
ence signal between two successive echoes are drasti-
cally attenuated or set to zero, while the components of
the difference signal between successive echoes
whose intensity or power is below said threshold are re-
tained, or vice versa depending on the kind of analysis
is being executed.
[0026] With reference to a further characteristic of the
invention, it is possible to define more than one unique
intensity threshold of the echo difference signals. In this
case, in addition to a maximum threshold, a minimum
threshold may be defined, i.e. a window, whereby the
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signals or signal components included in said intensity
window may be alternatively retained, or drastically re-
duced or set to zero, and the components of the differ-
ence signal whose intensity is outside said window or
range are strongly attenuated or set to zero or alterna-
tively retained.
[0027] According to the above feature of setting more
than one threshold different combination of intensity
components of the difference echoes signals may be
used for reconstructing an image, being thus able to add
information to the image reconstructed relating to differ-
ent tissues which may surround the object scanned and
whose image is required.
[0028] By further applying weights to the signal com-
ponents which are due to tissues or objects which are
not o principal interest of imaging it is possible to scale
the contribution of this tissues or bodies in order to en-
hance the image of the relevant object and give at the
same time a view of its position in the region scanned
relatively to other tissues or objects, which will appear
in the image with a level of intensity adaptable to the
desires of the user.
[0029] Besides determining the maximum signal in-
tensity threshold above which echo signals have to be
set to zero or retained for constructing the image, a lim-
itedintensity imaging of the background of the whole
section may be allowed, i.e. of the zone in the proximity
or surroundings of the spontaneous flow, particularly the
blood flow.
[0030] In this case, from a first echo signal, only a por-
tion of the subsequent echo signal is subtracted. By this
arrangement, contribution by stationary tissues or parts
of the body structure is not completely suppressed but
generates a signal greater than zero related to said sta-
tionary structures or tissues, hence a limited-intensity
image of the zones surrounding the intraoperative uten-
sil, the biological structure or the flow under examina-
tion.
[0031] Thanks to this arrangement, it is not only pos-
sible to obtain real time images of intraoperative uten-
sils, radiopaque biological structures and/or anecho-
genic flow , but also of the tissues or regions surround-
ing such flow, concurrently illuminated by the pulses
emitted by the transducer.
[0032] It is important to understand that the present
invention uses a signal components of the echo signals
which normally are cut or filtered away or strongly atten-
uated as being considered of damage to the reconstruc-
tion of an image. It is also important to consider the fact
that the particular non linear filtering allows parallel eval-
uation of the signal components above and below the
intensity threshold thus allowing a parallel real time im-
aging of ecogenic bodies or tissues executing micro-
movements relating to the utrasound probe and of not
echogenic bodyes or tissues executing spontaneous
displacements or flows in the region scanned. From the
above description it appears clearly that the method ac-
cording to the invention allows inmaging of a intraoper-

ative utensil and at the same time of blood flow in the
vicinity of the utensil, allowing to combine this two im-
ages and further to combine this images alone or togeth-
er with an image of the surrounding tissues.
[0033] Defining more than one threshold of intensity
it is further possible to set more levels of combination
and of scaling of the combined images which may be
obtained, controlling their contribution to the final image
in a simple way.
[0034] Furthermore it is important to note that accord-
ing to the filtering method suggested by the present in-
vention, i.e. a non linear filtering due to a signal cut-off
by means of a discrimination threshold, it is possible to
implement the method comprising the difference and
anti-clutter filtering of the signals using only two shots
or bursts for each vector. On the contrary the actual
techniques using digital filters of the type denominated
FIR, need in their most simple embodiments at least
three shots or bursts for each vector. This feature allow
to operate with the method according to the invention at
higher frame rates than according to the actual meth-
ods.
[0035] The invention also pertains to an apparatus for
implementing said method, which includes

- a probe for emitting RF ultrasonic pulses, generally
consisting of a set of transducers aligned on at least
one line;

- transducers for receiving the echo signals reflected
by the body under examination while the illuminat-
ing ultrasonic pulses propagate therein;

- processing means, including means for generating
an image from the received signals;

- means for determining a difference signal between
two received echo signals.

[0036] Moreover, the invention provides means for
generating a threshold for filtering the signal useful for
imaging, which is related to signal intensity.
[0037] Weighting means may be provided for the sec-
ond signal which is subtracted from the first echo signal,
to generate a partial subtraction of said second Signal
from the first echo signal.
[0038] The characteristics of the invention and the ad-
vantages derived therefrom will appear more clearly
from the following description of a non limiting embodi-
ment, illustrated in the annexed drawings, in which:

Fig. 1 is a schematic view of an ultrasound appara-
tus.
Fig. 2 shows a schematized condition, in the meth-
od of the invention, at times t and t + dt.
Fig. 3 shows superposed echo signals E(t) and E
(t+dt) and the difference E(t)-E(t+dt).
Fig. 4 shows the amplitude of the difference signal
in the condition of fig. 2.
Fig. 5 shows the amplitude of the signal obtained
by the conventional B-Mode method.
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Fig. 6 shows the signal obtained with the help of the
threshold for filtering artifacts due to micromove-
ments of hyperechogenic and echogenic structures
and of the partial difference between the two signals
e(t) and E(t+dt).
Fig. 7 is a simplified diagram of the apparatus.

[0039] Referring to the figures, the ultrasonic imaging
method according to the invention provides the gener-
ation of ultrasonic "illuminating" pulses I1, I2, I3,..., In by
a probe 1 provided with n transducers T1, T2, T3,..., Tn
with a predetermined repetition rate.
[0040] The transducers Tn are excited by a circuit 3
for generating illuminating pulses. As illuminating pulses
propagate in the body under examination, the tissues
and the structure of said body generate reflection ech-
oes which are received by receiving transducers (not
shown in detail) associated to the transmitting transduc-
ers Tn. The echoes E1, E2, E3,..., En are transformed
into echo signals which are processed to form the lines
L1, L2, L3,...,Ln of an ultrasonic image displayed on a
display 4.
[0041] This situation is shown in figure 2, with refer-
ence to a single transducer Tn. This figure shows the
transducer at the moment t=t0 and at the moment
t=t0+dt.
[0042] The transducer Tn emits a pulse In(t=t0) at
time t0 and a subsequent pulse In(t=t0+dt) at a subse-
quent time. According to the invention, a subtraction is
performed between the echoes En(t=t0) of the illuminat-
ing pulse In (t=t0) and En(t=t0+dt) of the illuminating
pulse I(t=t0+dt), thereby obtaining the difference signal
Diff. (n, t0, t0+dt).

[0043] When stationary tissues are present, i.e. tis-
sues which do not move relative to the probe 1, their
contributions to the echo signals En(t0) and En(t0+dt)
suppress each other, whereas the contributions to echo
signals by moving parts of the body, such as spontane-
ous body flows, especially blood flows, or else as for
example micromovements or displacements of intraop-
erative surgical utensils or biological structure like cal-
cifications or similar, do not suppress each other, there-
by substantially changing reflection conditions in the in-
terval between two successive illuminating pulses In(t0)
and In(t0+dt). This is shown in figure 2 with the target
particle P inside a vessel. At time t=t0, the particle is in
the position P whereas, at time t=t0+dt, it is displaced,
thereby generating a different echo response, as indi-
cated with P(t=t0+dt).
[0044] This situation is also schematically shown in
figure 3. The first graph represents the two superposed
signals En(t0) and En(t0+dt). In the first signal portion,
the two signals are superposed in a substantially con-
gruent manner whereas, in the portion referred to the

Diff(n, t0, t0+dt)=En(t0)-En(t0+dt)

flow, i.e. in the signal portion whose contribution derives
from the reflection by particles, particularly by red blood
cells, the two signals are offset from each other.
[0045] The bottom graph of figure 3 shows the differ-
ence signal, which is equal to zero or substantially equal
to zero in the zones in which the two signals En(t0) and
En(t0+dt) are congruent (stationary tissues) and is other
than zero in the zone corresponding to the blood flow.
[0046] Said subtraction is performed in real times in
a unit 6 of the processing circuit. The method allows to
obtain a high sensitivity to even very little and relatively
slow movements. Such sensitivity is a considerable ad-
vantage in certain conditions and for certain types of ex-
amination. In fact, the method according to the invention
can provide accurate and clear ultrasonic images, for
instance of intraoperative instruments while the latter
are positioned or moved inside the body. These instru-
ments are generally hyperechogenic structures, hence
they generate problems in other ultrasonic imaging
methods.
[0047] Moreover, the considerable sensitivity to mi-
cromovements of the method according to the invention
provides diagnostically valid ultrasonic images of bio-
logical structures, such as calcifications or particularly
breast cancer formations.
[0048] Nevertheless, when performing imaging of
spontaneous flows, such as blood flows, which have a
strongly anechogenic character and are surrounded by
echogenic and hyperechogenic tissues, such as vessel
walls, the high sensitivity of the method may be a prob-
lem. In this case, any micromovement of the probe with
respect to the body may generate non-zero contribu-
tions by echogenic and hyperechogenic tissues to the
difference signal. These contributions have such an in-
tensity that they dazzle the contributions to the differ-
ence signal by spontaneous flows.
[0049] In this case, the method according to the in-
vention allows to define a maximum signal threshold
above which the contributions to the difference signal
are strongly attenuated or set to zero.
[0050] Such threshold is determined by the well-
known B-Mode echo signal processing technique. The
signals En(t) are checked for the presence of peaks, due
to hyperechogenic and echogenic and anechogenic
structures. The maximum threshold of the difference
signal is set below the intensity of the signals En(t) in
the portion corresponding to echogenic and hyperecho-
genic tissues.
[0051] The intensity of the signal En(t) relative to the
transducer Tn along the axis of view or propagation and
according to B-Mode processing is shown in fig. 5. Fig.
6 shows the situation of a micromovement of the probe
1 relative to the body, wherefore the level of the differ-
ence signal Diff in the stationary tissue zones is sub-
stantially similar to or higher than that of the signal in
the zones corresponding to the spontaneous flow. The
two peaks correspond to the hyperechogenic walls of
the vessel as shown in fig. 2.
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[0052] The graphs show how the level of the signal
Diff in the flow zone denoted as F is similar to the level
of the signal Diff., in the stationary tissue zone when rel-
ative micromovements between the probe 1 and said
tissues occur. However, in the B-Mode processing
method, the signal level relative to the flow is consider-
ably lower than the level of the signals relative to the
stationary tissues.
[0053] Typically, the B-Mode processing signal pro-
vides intensities of about 80-90 dB for the peaks of ves-
sel walls and of about 40 dB for the areas of stationary
echogenic tissues. Hence, in these conditions, a maxi-
mum threshold of about 15 to 30 dB may be set for the
signal Diff. Therefore, when micromovements occur be-
tween the probe and the tissues or between different
tissues, the contributions to the signal Diff. higher than
15 to 30 dB are automatically excluded or set to zero or
attenuated.
[0054] Hence, the signal Diff has the same aspect as
that indicated in fig. 6.
[0055] According to a further variant, a minimum
threshold value may be also determined to filter the sig-
nal Diff. when desired.
[0056] According to a further characteristic of the in-
vention, advantages may be obtained from not perform-
ing a full subtraction between two successive signals En
(t0)-En(t0+dt), and limiting suppression of the portions
of signal generated by stationary tissue zones.
[0057] In this case, the difference signal Diff. is ob-
tained by the following processing:

[0058] The weight "a" allows to keep a certain inten-
sity of the signal Diff. even at the stationary tissue zones
and in this case, each image line Ln also contains visual
information about the tissues surrounding the flow F.
[0059] Fig. 6 shows this situation. In the signal por-
tions deriving from the stationary tissues, the signal level
is greater than zero, but lower than the signal level in
the flow zones F.
[0060] It has to be noted how, in the method according
to the invention, processing occurs on RF signals in the
time domain and before transformation of signals En in
pure image signals.
[0061] Hence, the apparatus according to the inven-
tion, as shown in figure 7 includes a "B-Mode" processor
of signals En, denoted with numeral 9, with a unit 7 for
sampling the signals En and a unit for determining the
signal Diff. denoted with numeral 8, as well as a unit for
determining the maximum threshold, denoted with nu-
meral 6. The unit 10 consists of a conventional unit for
processing echo signals into image signals transmitted
to the display 4.
[0062] It has to be noted that the diagram of the ap-
paratus does not show the units for performing the con-
ventional steps of all the processing units of ultrasound

Diff'=aEn(t0)- (1-a)En(t0+dt)

machines, which are not relevant for the present inven-
tion and do not form the subject thereof, and are known
in prior art. Obviously, these circuits or methods are in-
tended to be provided in combination with the method
of the invention.
[0063] When the interest of the imaging lies in evalu-
ating the position or displacement of an intraoperative
surgical utensil the above described technique may be
applied without any difference as the one that the part
of the difference signal which is used for reconstructing
the image is the one lying above the maximum threshold
of the difference signal. In this case this threshold has
to be considered as a minimum intensity threshold and
is value is determined in relation of the tipical reflection
signal intensity of the kind of tissue, body or structure to
be imaged.
[0064] It is possible to set at the same time different
thresholds, as for example one maximum and one min-
imum threshold, thus defining a window between them.
According to the object of imaging, the contribution
above the maximum threshold or the contribution below
the minimum threshold or the contribution within the
threshold window of the difference signals may be used
for reconstructing an image. Furthermore the contribu-
tion relating to the different parts of the difference sig-
nals as discriminated by the thresholds may be coupled
to form a combination image. In this case each contri-
bution may be affected by a weight for trimming their
relevance in the reconstructed image.
[0065] Also in the case of imaging hyperechogenic
structures or bodies or tissues the image obtained from
the difference signals may be combined with a conven-
tional b-mode image by providing the two echo signals
which are subtracted one from the other by a weight
such as the contribution of stationary tissues is not com-
pletely eliminated from the difference signals to be used
for reconstructing the image with the effect already de-
scribed above for the case of imaging not echogenic
spontaneous physiological flows, such as blood flows
or the like.
[0066] It is also interesting to consider a surprising ef-
fect of the method and apparatus according to the in-
vention. Due to the high sensitivity to moving tissues rel-
atively to the probe, particularly in case of micro dis-
placements, the method and the apparatus according
to the invention allow to scan images of biological struc-
tures which are particularly difficult to be imaged with
ultrasound devices. This is the case for example of cal-
cifications. In this case natural micromovements of the
calcifications due to natural relative movements occur-
ring between probe and body of the patient or to spon-
taneous or induced movements of the organ or body re-
gion in where the calcifications are located allow to have
an echo contribution from the calcifications from which
a valid image of it may be reconstructed. The method
according to the invention achieves this aim again by
using echo signal parts which would be rejected accord-
ing to the actual techniques.
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[0067] As it is clear from the above description, the
method according to the invention can provide ultrason-
ic images of spontaneous flows without using raiopaque
agents. However, the method is also applicable in com-
bination with contrast agents without requiring substan-
tial changes.
[0068] The only change which may be required con-
sists in determining thresholds for filtering the signal
Diff., since the contribution to the echo signal by the flow
when using contrast agents reaches very high levels,
higher than those of the hyperechogenic tissues.
[0069] In this case, instead of a maximum threshold
for the signal Diff., a minimum threshold is set with the
help of B-Mode processed signals, below which the sig-
nal Diff. is to be set to zero or attenuated.

Claims

1. A method for ultrasonic imaging, particularly of
moving bodies, such as surgical utensils, tissues,
flows, or the like, which includes the following steps:

- Periodically emitting ultrasonic pulses along a
predetermined view line and with a predeter-
mined repetition rate through one or more
transducers;

- Receiving the echoes produced by the body
and/or the tissues or flows and transforming
them into echo signals;

- Processing the echo signals for extracting in-
formation therefrom and for generating an im-
age based on such information,

characterized by the following additional
steps:

- determining a real time vector difference be-
tween the echo signals of two pulses succes-
sively emitted at predetermined time intervals;

- using said difference signal as an information
signal for ultrasonic imaging.

2. A method as claimed in claim 1, characterized in
that a non linear filtering of the difference signal be-
tween two successive echo signals is performed
such as to retain for reconstructing the image high
intensity components of the difference signal or low
intensity component of the difference signal for al-
ternatively or parallel neutralize signals due to non
echogenic regions and image bodies, tissues or
structures having echogenic or hyperechogenic re-
sponses and executing micromovements or dis-
placements relating to the probe or neutralize signal
flashes generated by relative micromovements be-
tween the probe and the echogenic or hyperecho-
genic tissues surrounding non echogenic bodies
like physiologic flows.

3. A method as claimed in claim 1 or 2, characterized
in that a maximum and/or minimum threshold is set
for filtering the difference signal between two suc-
cessive echo signals the difference signal part
above and or below and or within said thresholds
being used for reconstructing the image, while the
other part of the signal is at least attenuated or set
to zero.

4. A method as claimed in claim 3, characterized in
that filtering is performed by using two thresholds,
a minimum and a maximum threshold, on echo sig-
nals being determined, with the B-Mode method, as
signal levels for stationary tissues and flow and/or
for echogenic or hyperechogenic materials execut-
ing micromovements or displacements relatively to
the probe.

5. A method as claimed in claim 2 to 4, characterized
in that the portions of the difference signal between
two successive echo signals exceeding the maxi-
mum threshold are set to zero or attenuated below
a predetermined value or according to a predeter-
mined attenuation factor, whereas the portions of
the signal below the maximum threshold are re-
tained and transformed into images.

6. A method A method as claimed in claim 2 to 4, char-
acterized in that the portions of the difference sig-
nal between two successive echo signals below the
maximum threshold are set to zero or attenuated
below a predetermined value or according to a pre-
determined attenuation factor, whereas the portions
of the signal above the maximum threshold are re-
tained and transformed into images

7. A method as claimed in one or more of the preced-
ing claims, characterized in that a minimum
threshold is also defined for the difference signal
between two successive echoes, below which the
signal is set to zero or attenuated, while the part of
the signal within the minimum and maximum thresh-
old is alternatively attenuated or set to zero, partially
attenuated and retained to reconstruct the image in
combination with the part of the signal above the
maximum threshold or retained without attenuation
for reconstructing the image alone or in combination
with the part of the signal above the maximum
threshold.

8. A method according to one or more of the preceding
claims, characterized in that a minimum threshold
is also defined for the difference signal between two
successive echoes, below which the signal is re-
tained to reconstruct the image, while the part of the
signal within the minimum and maximum threshold
is alternatively attenuated or set to zero, partially at-
tenuated and retained to reconstruct the image in
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combination with the part of the signal below the
minimum threshold or retained without attenuation
for reconstructing the image alone or in combination
with the part of the signal below the minimum
threshold, while above the maximum threshold the
signal is attenuated or set to zero.

9. A method according to claims 7 or 8, characterized
in that the signal parts above the maximum thresh-
old, below the minimum threshold and between the
two said thresholds is retained for imaging being
evaluated in parallel and independently to each oth-
er and combined with different weights to form a
combined image

10. A method as claimed in one or more of the preced-
ing claims, characterized in that it provides partial
subtraction of the second echo signal from the first
echo signal, by appropriate weighting, to attenuate
without completely suppressing the contribution to
the difference signal by stationary tissues, so that a
combination of the flow image with an attenuated
image of the tissues surrounding the flow may be
obtained.

11. A method as claimed in one or more of the preced-
ing claims, characterized in that its use is provided
in combination with the introduction of contrast
agents in spontaneous flows.

12. A method as claimed in claim 11, characterized in
that a minimum threshold is defined for the differ-
ence signal between two successive echoes, below
which the difference signal is set to zero or strongly
attenuated.

13. An apparatus for implementing said method as
claimed in one or more of the preceding claims,
characterized in that it includes:

- a probe for emitting RF ultrasonic pulses, gen-
erally consisting of a set of transducers aligned
on at least one line;

- transducers for receiving the echo signals re-
flected by the body under examination whiles
the illuminating ultrasonic pulses propagate
therein;

- processing means, including means for gener-
ating an image from the received signals;

- means for determining a difference signal be-
tween two received echo signals.

14. An apparatus as claimed in claim 13, character-
ized in that it includes a unit for generating a max-
imum threshold for the difference signal and means
for discriminating the parts of the signal above and
below the threshold as well as means for attenuat-
ing, setting to zero or retaining one of the two parts

of the signal discriminated by the threshold.

15. An apparatus as claimed in claim 13, character-
ized in that it has a unit for generating a minimum
threshold for the difference signal and means for
discriminating the parts of the signal above and be-
low the threshold as well as means for attenuating,
setting to zero or retaining one of the two parts of
the signal discriminated by the threshold.

16. An apparatus according to claims 14 and 15, char-
acterized in that it includes a unit for generating at
least a maximum and at least a minimum threshold
for the difference signal and means for discriminat-
ing the parts of the signal in relation to the thresh-
olds as well as means for attenuating, setting to ze-
ro or retaining one or more of the parts of the signal
discriminated by the thresholds.

17. An apparatus as claimed in one or more of the pre-
ceding claims 13 to 16, characterized in that it in-
cludes a "B-Mode" echo signal processing unit.

18. An apparatus as claimed in one or more of the pre-
ceding claims 13 to 17, characterized in that it in-
cludes means for weighting echo signals to be sub-
tracted, so that a signal of a certain predetermined
level may be obtained even with the contributions
of stationary tissues.

19. A method as claimed in one or more of the preced-
ing claims 1 to 12, characterized in that it is used
for detecting displacements of invasive surgical in-
struments, such as microinstruments, intraopera-
tive probes, needles, etc.

20. A method as claimed in one or more of the preced-
ing claims 1 a to 12, characterized in that it is used
for the detection of calcifications or similar struc-
tures.

21. An apparatus as claimed in one or more of claims
13 a to 18, characterized in that it is used for de-
tecting displacements of invasive surgical instru-
ments, such as microinstruments, intraoperative
probes, needles, etc.

22. An apparatus as claimed in one or more of claims
13 a to 18, characterized in that it is used for the
detection of calcifications or similar structures.
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摘要(译)

一种用于超声成像的方法，尤其是移动体，例如手术器具，组织，流
等，其包括以下步骤： - 沿预定视线以预定的重复率通过一个或多个周
期性地发射超声脉冲换能器; - 接收身体和/或组织或血流产生的回声，并
将它们转换成回声信号; - 基于这样的信息处理回波信号以从中提取信息
并生成图像。根据本发明，还提供了以下步骤： - 确定以预定时间间隔
连续发射的两个脉冲的回波信号之间的实时矢量差; - 使用所述差异信号
作为用于超声成像的信息信号。
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